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,QWURGXFWLRQ
(QHUJ\FRQVXPSWLRQDQGSODQQLQJSOD\DYLWDOUROHWRHQDEOHRZQHUVRUPDQDJHUVRIKRXVLQJFRPSOH[HVWRFDOFXODWH
PRQWKO\H[SHQGLWXUHV,WLVWKHVDPHZLWKEXVLQHVVHVZKHUHWKHSULFHRIHQHUJ\FRQVXPHGLVLQFOXGHGLQSURGXFWLRQ
FRVWV%\UHGXFLQJHQHUJ\FRQVXPSWLRQLWLVSRVVLEOHERWKWRJLYHWKHVDYHGPRQH\IRURWKHUQHHGVDQGWRGHYHORS
DQGWDNHDVLJQLILFDQWUROHLQWKHFRPPRQPDUNHW'LVWULFWKHDWLQJV\VWHPLVDQHIIHFWLYHKHDWHQHUJ\SURYLGLQJWRROWR
UHGXFHWKHDPRXQWRIIXHOFRVWVDQGHPLVVLRQV5HIHUULQJWRWKHVWXG\SXEOLVKHGLQÄ+HDW5RDGPDS(XURSH´LQ
WKH0HPEHU6WDWHVRIWKH(XURSHDQ8QLRQRQO\RIDOOFRQVXPHUVLQZHUHHQVXUHGKHDWVXSSO\ZLWKWKH
DVVLVWDQFHRIFHQWUDOKHDWLQJV\VWHPVVXSSO\>@
7KH(XURSHDQ8QLRQKDVVHWWDUJHWVWREHDFKLHYHGGXULQJWKHQHDUHVWGHFDGHLQWHUPVRIHQHUJ\SURGXFWLRQDQG
FRQVXPSWLRQ7KHVHREMHFWLYHVDUHNQRZQDVWKH³´WDUJHWVZKLFKPHDQVWKDWE\WKH(XURSHDQ8QLRQ
VKRXOGDWWDLQDUHGXFWLRQLQJUHHQKRXVHJDVHPLVVLRQVLQFUHDVHLQWKHVKDUHRIUHQHZDEOHHQHUJ\LQILQDO
HQHUJ\ FRQVXPSWLRQ DQG D   UDLVH HQHUJ\ HIILFLHQF\ FRPSDUHG WR :LWKLQ WKH VFRSH RI WKH (XURSHDQ
3DUOLDPHQW DQG RI WKH&RXQFLO RI'LUHFWLYH (8RQ HQHUJ\ HIILFLHQF\ D FRPPRQ V\VWHP RIPHDVXUHV WR
SURPRWHHQHUJ\HIILFLHQF\LQWKH(8WRHQVXUHWKDWWKH(8
VHQHUJ\HIILFLHQF\KHDGOLQHWDUJHWV$UWLFOH
GHWHUPLQHVWKDW0HPEHU6WDWHVXQWLOKDYHWRFDUU\RXWDQGQRWLI\WRWKH&RPPLVVLRQDFRPSUHKHQVLYH
DVVHVVPHQW RI WKH SRWHQWLDO IRU HIILFLHQW GLVWULFW KHDWLQJ DQG FRROLQJ >@ &XUUHQWO\ WKLV NLQG RI FRPSUHKHQVLYH
DVVHVVPHQWKDVQRWEHHQGHYHORSHGIRUPXQLFLSDOLWLHVRI/DWYLD7KLVLVRQHRIWKHUHDVRQVZK\LWLVYHU\FUXFLDOWR
GHYHORSDPHWKRGRORJ\IRUWKHHYDOXDWLRQRIWKHKHDWGHPDQGLQPXQLFLSDOLWLHVRI/DWYLDDQGRQWKHEDVLVRIWKHUHVXOWV
REWDLQHGWRHYDOXDWHWKHSRWHQWLDORIGLVWULFWKHDWLQJZKLFKLVDOVRWKHDLPRIWKLVVWXG\
3UREOHPIRUPXODWLRQ
%\DVVHVVLQJQHZUHVHDUFKDQGDQDO\VLVRIUHVXOWVDVZHOODVWKHLQGLYLGXDOH[SHULHQFHPRUHDQGPRUHWKH(XURSHDQ
8QLRQLQVWLWXWLRQVDQGWKHJRYHUQPHQWVRILWV0HPEHU6WDWHVDUHDZDUHRIWKHGLVWULFWKHDWLQJDQGFRROLQJSRWHQWLDO
DQGRSSRUWXQLWLHVWKH\SURYLGHLQUHODWLRQZLWKREMHFWLYHVUHODWHGRQHQHUJ\HIILFLHQF\DQGFOLPDWHFKDQJH)RUWKLV
UHDVRQWKHDPRXQWRIUHQHZDEOHHQHUJ\VRXUFHVLQWHJUDWHGLQWRGLVWULFWKHDWLQJV\VWHPVLVFRQWLQXRXVO\LQFUHDVLQJ
'LVWULFWKHDWLQJDQGFRROLQJV\VWHPVDQGFRPELQHGKHDWDQGSRZHUSURGXFWLRQLQVHYHUDO(XURSHDQGRFXPHQWVWRJHWKHU
DUHFDOOHGÄ'LVWULFWHQHUJ\´DQGLWLVVWDWHGWKDWLWRFFXSLHVDQLPSRUWDQWUROHLQWKHVXSSO\RIORZFDUERQKHDWLQJDQG
FRROLQJLQ(XURSH$OWKRXJKGLVWULFWKHDWLQJV\VWHPVHQVXUHDQDYHUDJHRIRQO\±RIWKHUHTXLUHGDPRXQWRI
HQHUJ\LQ(XURSHLWLVFRPPRQLQWKH1RUWKHUQ&HQWUDODQG(DVWHUQ(XURSHZKHUHLWLVSURYLGHGE\DQGPRUH
SHUFHQWRIFRQVXPHUV>@7KHVKDUHRIFLWL]HQVVHUYHGE\GLVWULFWKHDWLQJLQLQ(XURSHLVVKRZQLQ)LJ


)LJ6KDUHRIFLWL]HQVVHUYHGE\GLVWULFWKHDWLQJLQ>@
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,Q)LJLWFDQEHVHHQWKDWDVVHVVPHQWRISRWHQWLDORIGLVWULFWKHDWLQJFDQEHGRQHLQDOPRVWHYHU\(XURSHDQFRXQWU\
2QHRIWKHUHDVRQVZK\WKHVKDUHRIFLWL]HQVVHUYHGE\GLVWULFWKHDWLQJGLIIHUVRJUHDWO\LQGLIIHUHQW(XURSHDQFRXQWULHV
LVWKHHFRQRPLFVLWXDWLRQDYDLODELOLW\RISULPDU\UHVRXUFHVH[LVWLQJLQIUDVWUXFWXUHDQGFOLPDWLFFRQGLWLRQV7KHVKDUH
RIFLWL]HQVVHUYHGE\GLVWULFWKHDWLQJLQLQ/DWYLDDQG/LWKXDQLDZDVTXLWHVLPLODU±DFFRUGLQJO\7-
LQ/DWYLDDQG7-LQ/LWKXDQLD$OWKRXJKWKHLQIRUPDWLRQRQWKHXVHRIWKHGLVWULFWKHDWLQJV\VWHPLV
DYDLODEOHDQGZLWKLWVKHOSWKHSRWHQWLDORIGLVWULFWKHDWLQJFDQEHDSSUR[LPDWHGLQWKHFXUUHQWFRXQWU\WKHDYDLODEOH
VWDWLVWLFVGRQRWSURYLGHD IXOO UHSUHVHQWDWLRQRI WKHKHDWLQJ V\VWHP%RWK LQGLYLGXDO DQGGLVWULFWKHDWLQJDUH ORFDO
V\VWHPV DQG WKHLU FKDUDFWHULVWLFVPD\QRWEHH[SUHVVHGRQO\ LQ ILJXUHVEXWDOVR LQ WKHLUJHRJUDSKLF ORFDWLRQ7KH
DXWKRULWLHVRIWKH0HPEHUVWDWHVRIWKH(XURSHDQ8QLRQVKRXOGSURYLGHPRUHGHWDLOHGDQGVXEVWDQWLYHPRQLWRULQJRI
ORFDOKHDWLQJ,QWKLVZD\LWZRXOGEHSRVVLEOHWRLGHQWLI\WKHSODFHVZKHUHDQHIILFLHQWDQGORZFDUERQKHDWLQJV\VWHP
FRXOGEHGHYHORSHG
+HDWHQHUJ\GHPDQGPDSSLQJLQ6DODVSLOVPXQLFLSDOLW\
+HDW HQHUJ\ VXSSO\ LV HQVXUHG LQ ORFDO OHYHO E\ ERLOHUV LQGLYLGXDO KHDWLQJ V\VWHPV DQG GLVWULFW KHDWLQJ V\VWHPV
$OWKRXJKDODUJHSDUWRIWKHFKDUDFWHULVLQJSDUDPHWHUVRIWKLVV\VWHPPD\EHH[SUHVVHGLQTXDQWLWDWLYHXQLWVWKHUHLVDOVR
DQHHGIRUDFDUWRJUDSKLFDODSSURDFK7KLVDSSURDFK>±@PD\HQVXUHWKHGLVSOD\RISRO\JRQVRIKHDWHQHUJ\FRQVXPHUV
H[LVWLQJGLVWULFWKHDWLQJQHWZRUNLQWKHDUHDDQGWKHORFDWLRQRIWKHKHDWHQHUJ\VXSSOLHU7KHPDSLVWKHWRROZLWKZKLFK
\RX FDQ GLVSOD\ QRW RQO\ WKH FXUUHQW VLWXDWLRQ EXW DOVR WR WKH SRWHQWLDO GHYHORSPHQW VFHQDULRV :LWK WKH KHOS RI
JHRJUDSKLFDO LQIRUPDWLRQ V\VWHP VRIWZDUH LW LV SRVVLEOH WR FDOFXODWHPDQ\ VLJQLILFDQW SDUDPHWHUVRI DGLVWULFW KHDWLQJ
V\VWHPIRUH[DPSOHKHDWGHPDQGGHQVLW\LQDSDUWLFXODUDUHDRUWKHGLVWDQFHIURPGHPDQG]RQHWRWKHPDQXIDFWXUHU
3.1. Data collection 
,QRUGHUWRGHYHORSDPDSRIHQHUJ\FRQVXPHUVERWKTXDQWLWDWLYHDQGWRSRJUDSKLFDOGDWDDUHUHTXLUHG,WLVQHFHVVDU\
WR LGHQWLI\ WKHEXLOGLQJVZKLFKDUHDOUHDG\FRQQHFWHG WR WKHGLVWULFWKHDWLQJV\VWHPLQ WKHFRQFHUQHGUHJLRQ6XFK
LQIRUPDWLRQPD\EHDYDLODEOHWRWKHORFDOJRYHUQPHQWEXWIRUWKHPRVWSDUW WKHLUKHDWLQJFRPSDQLHVDUHLQIRUPHG
DERXW WKLVGDWD)URP WKHGDWDSURYLGHG LW LVSRVVLEOH WRFDOFXODWH WKH VSHFLILFKHDWGHPDQG N:KP\HDU7KLV
LQGLFDWRUPD\EHDSSOLHGWRRWKHUH[LVWLQJUHVLGHQWLDOEXLOGLQJVZLWKLQWKHWHUULWRU\RIWKHORFDOJRYHUQPHQWZKLFKDUH
QRWFRQQHFWHGWRWKHGLVWULFWKHDWLQJQHWZRUN,IDGHWDLOHGVXUYH\RQIXHOFRQVXPSWLRQGDWDKHDWGHPDQGDQGRWKHU
UHODWHGGDWDKDVEHHQFDUULHGRXWLQWKHPXQLFLSDOLW\WKHVHGDWDFDQEHXVHG,QWKDWFDVHWKHKHDWGHPDQGPDSZRXOG
REWDLQKLJKHUDFFXUDF\,QWKHFDVHVWXG\RIWKH6DODVSLOVPXQLFLSDOLW\GDWDRQKHDWHQHUJ\FRQVXPSWLRQLQH[LVWLQJ
EXLOGLQJVFRQQHFWHGWRGLVWULFWKHDWLQJV\VWHPZHUHXVHGWRHVWLPDWHDYHUDJHVSHFLILFKHDWFRQVXPSWLRQLQWKHSHULRG
IURP\HDUWRDQGDVVLJQHGWRRWKHUDFFRPPRGDWLRQEXLOGLQJVLQWKHWHUULWRU\RIDPXQLFLSDOLW\
7KHVWXG\ZDVFRQGXFWHGE\WKH(65,VRIWZDUH$UF*,6'DWDRIJHRJUDSKLFLQIRUPDWLRQV\VWHP*,6DUHPRVWO\
DYDLODEOHDWJRYHUQPHQWDOLQVWLWXWLRQV,Q/DWYLDWKHODUJHVW*,6GDWDSURYLGHUVDUHWKH/DWYLDQ*HRVSDWLDO,QIRUPDWLRQ
$JHQF\ DQG WKH 6WDWH /DQG 6HUYLFH 7R EH DEOH WR KDQGOH DQG HGLW WRSRJUDSKLFDO LQIRUPDWLRQ WKLV GDWDPXVW EH
SXUFKDVHGIURPWKHUHIHUUHGLQVWLWXWLRQV$OVRHDFKORFDOJRYHUQPHQWVKDOOKDYHJHRVSDWLDOLQIRUPDWLRQUHJDUGLQJWKH
H[LVWLQJEXLOGLQJVHFRQRPLF]RQHVLQIUDVWUXFWXUHDQGRWKHUVLWHVZLWKLQLWVWHUULWRU\)URPWKHVHGDWDWKHVSDWLDOSODQ
RIWKHPXQLFLSDOLW\LVGHYHORSHG,QRUGHUWRLQYHVWLJDWHWKHVLWXDWLRQLQ6DODVSLOVPXQLFLSDOLW\WZRVRXUFHVZHUHXVHG
*,6GDWDIURPWKH/DWYLDQ*HRVSDWLDO,QIRUPDWLRQ$JHQF\DQGWRSRJUDSKLFLQIRUPDWLRQSURYLGHGE\WKH6DODVSLOV
PXQLFLSDOLW\
3.2. Design of base map 
,QRUGHUWRFDOFXODWHWKHKHDWHQHUJ\GHPDQGLQDSDUWLFXODUUHJLRQLWLVQHFHVVDU\WRFUHDWHDVHSDUDWHEXLOGLQJOD\HU
WKDWFRQWDLQVDOORIWKHQHFHVVDU\SDUDPHWHUVIRUFDOFXODWLQJKHDWLQJGHPDQG7KHPRUHGHWDLOHGWKHGDWDWKHPRUH
DFFXUDWHO\LWLVSRVVLEOHWRGLYLGHEXLOGLQJVLQWRGLIIHUHQWFDWHJRULHVVXFKDVEXLOGLQJZDOOW\SHFRPPLVVLRQLQJ\HDU
QXPEHURIIORRUVFRQVWUXFWLRQW\SHGHVLJQDQGVRRQ8QIRUWXQDWHO\LQWKHH[SORUDWLRQUHJLRQVHOHFWHGVXFKGHWDLOHG
GDWDZHUHQRWDYDLODEOHVRWKHEXLOGLQJVZHUHGLYLGHGE\W\SH±UHVLGHQWLDORUQRQUHVLGHQWLDODQGQXPEHURIIORRUV
$FWLRQVZLWKWRSRJUDSKLFDOGDWDDUHSHUIRUPHGRQO\E\SRO\JRQOD\HUEHFDXVHWKHEXLOGLQJOD\HUFRQVLVWVRIWKHP%\
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RSHQLQJDWWULEXWHWDEOHRIWKHSRO\JRQOD\HULWFDQEHVHHQWKDWRQHRIWKHFROXPQVLQFOXGHVEXLOGLQJFKDUDFWHULVWLFV±
UHVLGHQWLDOEXLOGLQJQRQUHVLGHQWLDOEXLOGLQJIRXQGDWLRQVQHZFRQVWUXFWLRQVDQGRWKHUV2IWKHVHSRO\JRQVRQO\WKRVH
HOHPHQWVWKDWDUHQHFHVVDU\IRUIXUWKHUFDOFXODWLRQZHUHVHOHFWHG±UHVLGHQWLDOEXLOGLQJVDQGQHZFRQVWUXFWLRQVDQGD
QHZPDSOD\HULVFUHDWHG,QVHYHUDOFLWLHVRI/DWYLDWKH/DWYLDQ*HRVSDWLDO,QIRUPDWLRQ$JHQF\KDVGHYHORSHGGHWDLOHG
WRSRJUDSKLFPDSVRQDVFDOHRI,QWKHGHVLJQDWLRQOD\HURIWKHVHPDSVWKHQXPEHURIIORRUVRIHDFKEXLOGLQJ
LVGHILQHG7KHQWKHEXLOGLQJVZLWKVSHFLILFQXPEHURIIORRUVDUHVHOHFWHG7KHVHOHFWHGEXLOGLQJVDUHH[SRUWHGDVQHZ
GDWDOD\HU%\FRQQHFWLQJSRO\JRQDQGDQQRWDWLRQOD\HUVLWLVSRVVLEOHWRDVVLJQWRDQ\EXLOGLQJSRO\JRQDQHZYDOXH
±QXPEHURIIORRUV5HSUHVHQWDWLRQRIIORRUQXPEHUVLQDQQRWDWLRQOD\HURI5LJDFLW\WRSRJUDSKLFPDSRQDVFDOHRI
FDQEHVHHQLQ)LJ


)LJ'LVSOD\RIIORRUQXPEHURIWKHEXLOGLQJVLQWRSRJUDSKLFPDSRQDVFDOHRI
$VLPLODUDSSURDFKZDVXVHGLQGHILQLQJWKHQXPEHURIIORRUVRIEXLOGLQJVOD\HULQWKH6DODVSLOV+HUHDVZHOOLQ
WKH OD\HU ³$QQRWDWLRQ´ WKH QXPEHU RI IORRUV RI HDFK EXLOGLQJ LV GHILQHG 7KH VLWXDWLRQ LV GLIIHUHQW LQ 6DODVSLOV
PXQLFLSDOLW\WRSRJUDSKLFPDSZKHUHVXFKGHWDLOHGLQIRUPDWLRQLVQRWSURYLGHG,QWKLVFDVHWKHDSSURDFKZDVDSSOLHG
EDVHGRQWKHWHUULWRU\]RQLQJ,QWKHVSDWLDOSODQDWHUULWRU\RIPXOWLVWRUH\EXLOGLQJVDQGORZULVHEXLOGLQJVDUHGLYLGHG
([SORULQJWKHDUHDZLWK*RRJOH0DSVRSWLRQµ6WUHHW9LHZ¶LWLVSRVVLEOHWRGHWHUPLQHWKHDSSUR[LPDWHPXOWLVWRUH\
DQG ORZULVHEXLOGLQJDYHUDJHFRXQWRI IORRUV0XOWLVWRUH\EXLOGLQJVDQGSULYDWHKRXVHV LQ6DODVSLOVPXQLFLSDOLW\
ZHUHH[SORUHGDQGLWZDVFRQFOXGHGWKDWWKHDYHUDJHQXPEHURIIORRUVRIWKHEXLOGLQJVLVWZR7KLVYDOXHZDVDGGHG
WRWKHQHZO\FUHDWHGILHOGLQDWWULEXWHWDEOHRIEXLOGLQJOD\HU
:KHQWKHEXLOGLQJKHLJKWLVVHWLWLVQHFHVVDU\WRFDOFXODWHWKHDUHDRIWKHEXLOGLQJLIWKLVYDOXHLVQRWDOUHDG\LQFOXGHG
LQWKHFKDUDFWHUL]DWLRQRIWKHEXLOGLQJSRO\JRQOD\HU,QRUGHUWRFDOFXODWHWKHEXLOGLQJDUHDDQHZFROXPQLVDGGHGWRWKH
DWWULEXWHWDEOHQDPHG³%XLOG$BP´)LHOGW\SHLVGHILQHGDV³GRXEOH´EHFDXVHWKHUHVXOWPD\EHDGHFLPDOQXPEHU7KHQ
WKHRSWLRQ³&DOFXODWHJHRPHWU\´LVFKRVHQDQGVHOHFWHGSURSHUW\³DUHD´WKHFRRUGLQDWHV\VWHPDQGPHDVXUHPHQWXQLWV
,QRUGHUWRFDOFXODWHWKHWRWDOKHDWHGDUHDIRUWKRVHEXLOGLQJVZKLFKDUHQRWFRQQHFWHGWRWKHGLVWULFWKHDWLQJV\VWHP
WZR LWHPV DUH XVHG QXPEHU RI IORRUV DQG EXLOGLQJ DUHD+HDWHG DUHD LV HTXDO WR WKHPXOWLSOLFDWLRQ RI WKHVH WZR
HOHPHQWV 7KH DULWKPHWLF RSHUDWLRQ LV SHUIRUPHG ZLWK WKH KHOS RI ³)LHOG &DOFXODWRU´ )XUWKHU WKH VSHFLILF KHDW
FRQVXPSWLRQZDVFDOFXODWHGIRUWKHH[LVWLQJEXLOGLQJVWKDWDUHFRQQHFWHGWRGLVWULFWKHDWLQJV\VWHPVLQWKHPXQLFLSDOLW\
RI6DODVSLOV7KHUHVXOWLQJDYHUDJHVSHFLILFKHDWFRQVXPSWLRQRIH[LVWLQJEXLOGLQJVRI6DODVSLOVPXQLFLSDOLW\LVDSSOLHG
WRDOORWKHUEXLOGLQJVWKDWDUHQRWFRQQHFWHGZLWKGLVWULFWKHDWLQJV\VWHPV)RUWKRVHEXLOGLQJVZKLFKDUHPDUNHGDV
QHZFRQVWUXFWLRQVDVSHFLILFKHDWFRQVXPSWLRQRIN:KPDLVDVVLJQHG
7KHQHZILHOGLQGHYHORSHGEXLOGLQJOD\HULVPDGH±³+HDWGHPDQG´7KHDYHUDJHKHDWHQHUJ\LQWKHSHULRGIURP
±ZDVFDOFXODWHGIRUEXLOGLQJVWKDWDUHFRQQHFWHGWRWKHH[LVWLQJGLVWULFWKHDWLQJQHWZRUN)RURWKHUEXLOGLQJV
WKLVYDOXHZDVFDOFXODWHGE\PXOWLSO\LQJWKHKHDWHGDUHDZLWKVSHFLILFKHDWFRQVXPSWLRQDQGGLYLGLQJLWE\LQ
RUGHUWRH[SUHVVWKHKHDWGHPDQGLQ0:K
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3.3. Creation of heat map 
7RFUHDWHDWUDQVSDUHQWKHDWPDSLWLVQHFHVVDU\WRGHILQHFDOFXODWLRQILHOGV,QWKLVFDVHWKHJULGZLWKDVL]Hî
PHWUHVZDVVHOHFWHG7KHJULGZDVFUHDWHGVRODUJHWREHDEOHWRFRYHUWKHHQWLUHDUHDRIPXQLFLSDOLW\7KHFHOOVL]HLV
VHOHFWHGEDVHGRQWKHREMHFWLYHRIWKHVWXG\,ILWLVQHFHVVDU\WRVHWXSWKHKHDWPDSIRUWKHQDWLRQDORUORFDOOHYHOWKH
JULGFHOOVL]HFDQYDU\IURPîPHWUHVXSWRNP,IWKHKHDWPDSLVFUHDWHGIRUDFLW\RUWKHVSHFLILFSDUWRID
FLW\JULGFHOOVVKRXOGEHDVORZDVSRVVLEOH:LWKDFHOOVL]HRIîPHWUHVLWFDQEHSRVVLEOHWRLGHQWLI\FHUWDLQ
EXLOGLQJVDQGWKHLUDPRXQWRIKHDWFRQVXPSWLRQVHH)LJ


)LJ)UDJPHQWRIWKHKHDWGHPDQGPDSRI5LJDFLW\ZKHUHWKHJULGVL]HRIîPHWHUVLVXVHG
6LQFH WKH WHUULWRU\RI6DODVSLOVPXQLFLSDOLW\ LVFRQVLGHUDEO\ ODUJHU WKDQ WKHH[SORUHGSDUWRI5LJDFLW\ WKHQ WKH
FDOFXODWLRQJULGZLWKDFHOOVL]HRIîPHWHUVZRXOGVSOLWWKHWHUULWRU\RIWKHPXQLFLSDOLW\LQWRIUDFWLRQVWKDWDUHWRR
GHWDLOHGWKXVKDYLQJDQRSSRVLWHHIIHFWWRWKDWGHVFULEHGLQWKHSUHYLRXVSDUDJUDSK,IJULGFHOOVDUHRQWRRGHWDLOHGD
VFDOHLWEHFRPHVGLIILFXOWWRLGHQWLI\WKHQHFHVVDU\DUHDVLQWKLVFDVHWKHSRWHQWLDODUHDVIRUGLVWULFWKHDWLQJV\VWHPV
)RUWKHPXQLFLSDOLW\RI6DODVSLOVKHDWPDSSLQJWKHFDOFXODWLRQJULGZLWKDFHOOVL]HRIîPHWUHVZDVXVHG,Q
WKHVHFHOOVZLWK$UF*,6WRRO³-RLQ'DWD´DOORIWKHH[LVWLQJEXLOGLQJVDQGWKHLUSDUWVLQFXUUHQWFHOOZHUHFRXQWHGDQG
WKHLUKHDWGHPDQGYDOXHVZHUHVXPPHGXS(VWLPDWHGWRWDOKHDWGHPDQGZDVFDWHJRUL]HGDWDSSURSULDWHLQWHUYDOV$
QXPEHURIVWXGLHVKDYHGHILQHGWKDWGLVWULFWKHDWLQJFDQEHHFRQRPLFDOO\YLDEOH±LQSODFHVZKHUHWKHKHDWGHQVLW\LV
JUHDWHQRXJKPRUH WKDQ0:NP >@:LWKLQDJULGFHOO WKHKHDWGHPDQGFDSDFLW\ZDVFDOFXODWHG WDNLQJ LQWR
DFFRXQWKHDWFDSDFLW\IRUKRWZDWHUSUHSDUDWLRQDQGWKHDYHUDJHKHDWLQJGD\V'HQVLW\RIKHDWGHPDQGFDSDFLW\ LQ
6DODVSLOVPXQLFLSDOLW\LVVKRZQLQ)LJ
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
)LJ'HQVLW\RIWKHUHTXLUHGKHDWFDSDFLW\LQ6DODVSLOVPXQLFLSDOLW\
$VVKRZQLQ)LJWKHGHQVLW\RIWKHUHTXLUHGKHDWFDSDFLW\RIPRUHWKDQ0:NPLVKLJKOLJKWHGLQ\HOORZDQG
UHG WRQHV:LWKLQ WKHVH ]RQHV WKH DUHDVZHUHPDUNHGZKLFK DUH DOUHDG\ FRQQHFWHG WR WKH H[LVWLQJGLVWULFW KHDWLQJ
QHWZRUNDQGSRWHQWLDOGLVWULFWKHDWLQJDUHDV$IWHU WKDW WKHPLGSRLQWRIHDFK]RQH LVGHWHFWHG7KHGLVWDQFH WR WKH
QHDUHVWGLVWULFWKHDWLQJDUHDRUVRXUFHLVPHDVXUHGDQGWKHOLQHDUKHDWGHQVLW\LVFDOFXODWHG7KHUHVXOWLVFRPSDUHG
ZLWKH[LVWLQJOLQHDUKHDWGHQVLW\LQ6DODVSLOVDQG6DXONDOQHDQGWKRVHDUHDVZKHUHWKHOLQHDUKHDWGHQVLW\LVODUJHUWKDQ
WKHH[LVWLQJGHQVLW\DUHKLJKOLJKWHGSRWHQWLDODUHDVZHUHLGHQWLILHGZLWKDWRWDOKHDWGHPDQG*:K\HDU,Q
WKHVHDUHDVDQDGGLWLRQDOFRVWEHQHILWDQDO\VLVLVQHFHVVDU\WRILQGRXWZKHWKHULWLVWKHRUHWLFDOO\IHDVLEOHWRH[SDQG
WKHGLVWULFWKHDWLQJV\VWHPZLWKLQWKHVHDUHDV
'LVFXVVLRQ
0DSSLQJRIKHDWFRQVXPHUVSURYLGHVDQRSSRUWXQLW\WRDVVHVVIXUWKHUKHDWVXSSO\VFHQDULRV%\UDLVLQJDZDUHQHVV
RQWKHQXPEHUDQGORFDWLRQRIILQDOKHDWHQHUJ\FRQVXPHUVLWLVSRVVLEOHWR

x (IIHFWLYHO\SODQHQHUJ\HIILFLHQF\PHDVXUHVDWERWKWKHSULYDWHDQGPXQLFLSDOOHYHOVEHFDXVHLWLVSRVVLEOHWR
DVVHVVLQZKLFKDUHDVHQHUJ\HIILFLHQF\PHDVXUHVZLOOPDNHDPDMRUUHVRXUFHVDYLQJV
x 'HWHUPLQHLQZKLFKDUHDVUHQHZDEOHHQHUJ\FDQEHLQWHJUDWHGDVWKHKHDWVRXUFH
x 5HGXFHWKHFRQVXPSWLRQRIIXHOZDVWHGLQWKHHQHUJ\VXSSO\FRPSDQLHV
x ,GHQWLI\GLVWULFWKHDWLQJ³KRWVSRWV´DQGGHYHORSDQDSSURSULDWHDFWLRQSODQWKHH[SDQVLRQRIGLVWULFWKHDWLQJRU
FRQYHUVHO\GHFHQWUDOL]DWLRQ

7KHSODQQLQJWRROZLOODOORZKHDWSURGXFHUVWRSODQWKHLUIXUWKHUDFWLRQ,QWKHPHDQWLPHLWZLOOSHUPLWPXQLFLSDOLWLHV
WRSODQWKHLUGHYHORSPHQWDQGSUHSDUHWHUULWRULDOSODQV$GGLWLRQDOO\JRYHUQPHQWVZLOOEHDEOHWRZRUNRXWQDWLRQDO
GHYHORSPHQWSODQVLQOLQHZLWKHIILFLHQWKHDWHQHUJ\SURGXFWLRQDQGWUDQVPLVVLRQ
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&RQFOXVLRQ
,QRUGHUWRDVVHVVWKHSRWHQWLDORIKHDWLQJDWQDWLRQDODQG(XURSHDQ8QLRQOHYHOV LW LVQRWHQRXJKWRKDYHRQO\
TXDQWLWDWLYHGDWD6LQFHGLVWULFWKHDWLQJV\VWHPVHQVXUHDQDYHUDJHRIRQO\RIWKHUHTXLUHGKHDWHQHUJ\DPRXQW
LQ(XURSHPDSSLQJRIKHDWGHPDQGDQGORFDWLRQRIFRQVXPHUVDQGKHDWVRXUFHVKDVDQLQFUHDVLQJO\VLJQLILFDQWUROH
LQWKHIXWXUHHQHUJ\SODQQLQJLVVXHVDVZLWKKHDWPDSLWZRXOGEHUHODWLYHO\VLPSOHWRLGHQWLI\WKHORFDWLRQRIGHPDQG
DUHDVDQGVXSSO\VRXUFHDQGWRGHWHUPLQHGLVWDQFHEHWZHHQWKHP
'DWDSURYLGHGE\DKHDWPDSFDQEHXVHGQRWRQO\IRUQDWLRQDOOHYHOKHDWVXSSO\DQDO\VLVEXWDOVRIRUH[SORULQJ
LQGLYLGXDODUHDVDQGIRUGHYHORSLQJFRVWEHQHILWDQDO\VLVRIDSRWHQWLDOGLVWULFWKHDWLQJV\VWHP2QO\LQWKLVFDVHD
PRUHGHWDLOHGDQDO\VLVRIWKHVLWXDWLRQLVUHTXLUHG,QRUGHUWRGHYHORSDKHDWPDSEDVHGRQHFRQRPLFDOO\MXVWLILHG
LQGLFDWRUVLWLVQHFHVVDU\WRGHYHORSDFRVWEHQHILWDQDO\VLVDWWKHOHYHORIHTXLSPHQWLQVWDOODWLRQSULRUWRLQLWLDWLRQRI
FRQFUHWHDFWLRQVLQHDFKDUHD
:LWKLQWKLVVWXG\WKHGHYHORSHGPHWKRGRORJ\RIKHDWPDSSLQJLVEDVHGRQIROORZLQJDFWLYLW\VWHSVGDWDFROOHFWLRQ
ERWKTXDQWLWDWLYHDQGFDUWRJUDSKLFGDWDDQGSURFHVVLQJHVWDEOLVKPHQWRIEDVHOD\HUFDOFXODWLRQRIDPRXQWRIKHDW
HQHUJ\GHPDQGDQGFDSDFLW\RIKHDWHQHUJ\GHPDQGHVWDEOLVKPHQWRIFDOFXODWLRQJULGGHQVLW\FDOFXODWLRQRIKHDW
HQHUJ\GHPDQGDQGLGHQWLILFDWLRQRIWKHDUHDVZKHUHWKHSRWHQWLDORIGLVWULFWKHDWLQJH[LVWV7KHPHWKRGRORJ\ZDV
DSSUREDWHGWR6DODVSLOVPXQLFLSDOLW\DQGWKHUHVXOWVVKRZWKDWZLWKLQGLFDWRUVKHDWFDSDFLW\DQGOLQHDUKHDWGHQVLW\LW
ZDVSRVVLEOHWRLGHQWLI\SRWHQWLDOGLVWULFWKHDWLQJGHYHORSPHQWDUHDVLQWKHPXQLFLSDOLW\RI6DODVSLOVZLWKDWRWDO
KHDWGHPDQGRI*:K
$FNQRZOHGJHPHQWV
7KHZRUNKDVEHHQVXSSRUWHGE\WKH1DWLRQDO5HVHDUFK3URJUDP³(QHUJ\HIILFLHQWDQGORZFDUERQVROXWLRQVIRUD
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/$7(1(5*,´
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